DNA; and (2) "leading-edge-FRET" experiments, which
. Shaded boxes, transcription start site (with arrow), promoter Ϫ10 element, and promoter Ϫ35 element; red boxes, halt site. Middle: DNA fragments used in analysis of RD e,12 , RD e,13 , RD e,14 , and RD e,15 (lacUV5 derivatives having no guanine residues on the template strand from ϩ1 to ϩ12, ϩ1 to ϩ13, ϩ1 to ϩ14, or ϩ1 to ϩ15, and having Cy5 at ϩ26, ϩ27, ϩ28, or ϩ29). Bottom: DNA fragment used in analysis of reference construct having 100% 70 occupancy and having Cy5 14 bp downstream of RNAP active center (lacUV5 derivative having Cy5 at ϩ15). (E) Formation of RD e,11 , RD e,12 , RD e,13 , RD e,14 , and RD e,15 upon addition of ApA, ATP, GTP, and UTP to RP o , and ability to restart elongation ("chase") upon addition of CTP (experiments in gel matrix). Yields of RD e,11 through RD e,15 (determined by excision of bands and quantitation of RNA) were 0.6-0.7 mol RD e per mol DNA, identical within error to the yield defined by in-gel trailing-edge FRET (0.64; Figure 2A ). Formation of RD e,nϩ1 is due to misincorporation at the halt site (0%-60%, depending on sequence context; see Krummel and Chamberlin, 1989 corporated at a single site on DNA upstream of the core promoter. In this case, the two models make identical predictions: upon transition to elongation, the probeprobe distance will increase, and FRET will decrease (due to, respectively, dissociation of 70 from RNAP, or translocation of 70 with RNAP). Figure 1B shows the predictions of the 70 -release and 70 -nonrelease models with respect to a leadingedge-FRET experiment in which a fluorescent probe, serving as donor, is incorporated at a single site within
70
, and a second fluorescent probe, serving as acceptor, is incorporated at a single site on DNA downstream of the core promoter. In this case, the two models make different predictions: According to the 70 -release model, upon transition to elongation, the probe-probe distance will increase, and FRET will decrease (due to dissociation of 70 from RNAP; Figure 1B , top panel). In contrast, according to the 70 -nonrelease model, upon transition to elongation, the probe-probe distance will decrease, and FRET will increase (due to translocation of 70 with RNAP; Figure 1B , bottom panel). In this work, we have performed both trailing-edge-FRET and leading-edge-FRET experiments. The trailingedge-FRET experiments have allowed us to establish that the transition to elongation occurs and to quantify the fraction of molecules competent to undergo the transition. The leading-edge-FRET experiments have allowed us to distinguish between the two models.
To complexes; they are stable, they retain RNA, and they , and moter, at position ϩ15, ϩ25, ϩ26, ϩ27, ϩ28, or ϩ29 ( Figure 1D ). a second fluorescent probe, serving as acceptor, is in- Figures 1E and 1F) . as a block-with regions 1, 2, 3, and 4 translocating in the efficiencies of core-70 FRET in RD e,50 were 59%-67% that in RP o ( Figure 5E, right panels) . Experiments in soluconcert-and that 70 maintains a constant, or nearly constant, spatial relationship with RNAP ( Figures 3C and 3D) Figure 1D, center panel; Figure 4) QuantaMaster QM1/SE901/SE910Q or QM1/SE901/SE920Q; PTI, glycerol, and was stored at Ϫ20ЊC. Yields were ‫1.0ف‬ mg; efficiencies Inc.) were measured after incubation for 5 min at 37ЊC (data labeled of labeling, determined by measurement of UV absorbance, were "RP o " in figures) and were again measured after addition of 8 l 6 Ն95%; site-specificities of labeling, determined by comparison to mM ApA, 1.25 mM ATP, 1.25 mM GTP, and 1.25 mM UTP, and products of control reactions with RNAP derivatives not containing incubation for 5 min and 10 min at 37ЊC (data labeled "RP o ϩ NTPs" intein-CBD and with RNAP derivatives containing intein-CBD fused in figures). Fluorescence emission intensities were corrected for to subunits other than ␤Ј, were Ն95%.
background by subtraction of fluorescence emission intensities for equivalent-size gel slices not containing RP o . 
